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I. Researchl'erformed 

A. AnalyticalWork 

Thearetical studies conducted and progress achieved during the period 
covered are emmerated as follows: 

1. Analytical work on C~X@OIX?&S of separated flows CKdl cavity flars 
has progressed as follows: 

1-1 Theoretical treatment of campressible constant pressure two- 
dimensional non-iaoenergetic (Rt=l) jet m n g  between two 
uniform streams based on integra methods. 
University of Illinois Ergiaeering Station Report (1) hrs been 
e- t o  -de the crocco m r  range up t o  ~ a "  = .g. 
Infomation has been received that NASA has selected our 
report for distribtrtioo as  a NASA TLQ. 

Jet Mixing Between Two Compressible streams w i t h  Heat Mtfusion 
from an Initial Source" by W. L Chow and E. He K o r s t  has 
been submitted to the Specidlists Meeting of the Fluid IlgnuPics 
Panel of' AGARD on Seperated Flows (Brussels May 1966). 

The original 

1.2 An abstract for a paper entit led "~onstaxrk Pressure fnminrrf 

1.3 The free streamlhw problem for detemining tranaanic flow 
fieIda near shrup edged nozzle flaps htas been computer-coded 
and limited production runs have been carried out a t  the 
University of Illinois and at Rocketdyne. 
ccn@em?nts the transonic f low field calmlatiom for large 
radius of throat curvature ffelds by Sauer, or Oswatiscb a d  
Rothstein, and those developed for WPlLu radius af e m u r e  
by H. R. Seugling of Rocketdyne (2). 

1.4 analyaia of re-attaching flows hr8 proceeded t o  matching of 
of tbe approaching rotational Jet mixing zone idth the 
V~SCUUS "near stagnation point" solution (see section B 1.1) 
~f the FaUmer-Slcan equation (3). 
incompressible flow fields limits the usefulness o f t h e  method. 

"lhis method 

Present restr ic t ion to 

1.5 utilizrrtion of the flow integra tabulated i n  (1) t o  
farmulate back-fluw conditione just upstream of the pressure 
rise in wakes for aurfsyrmretric base flow confi,nurations. l h i s  
allowa a comprehensive treatment of problems involving 
axisymmetric base flw. (See section 2.5) 

2. Analytical work on entire flow systems involvixq separated and 
cavity flows. 

2.1 StUay of the problem of wall temperature control I n  cavities 
exposed t o  high enthalpy f'ree streams. 

i) AnalYSiS Of temperature controlled mass bleeding into 
cavities has been expanded t o  cover conditiona of s$gnificsnt 
ba\maary hyer thicknesses upstream of the cavity ( w i t h  
the effect of finite thermal boundary layer thickness In the 
cavity flow presently under consideration). 
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i i )  Extension of the analysis t o  include effects of non-uniform 
w a l l  temperatures and controlled w a l l  heat flux rates has 
been made, (see also section B. 2.) and computer code has 
been prepared. 

2.2 Analysis of jet oscillations continued. 

2-3 The wave propagation phenomenon characteristic for resonnating 
cavities i n  subsonSc, transonic and supersonic flow has been 
studied and the representative Eiconal equation solved by 
numerical integration. (See section B 1.3) The results of 
cdculations describing the codi,prations of the e u.wJ~+' e 
wave fronts emanating f r a  resonnating cavities showed excellent 
agreement With t ha t  measured from Schlieren photographs. 

2.4 Close coordination between work carried out under th i s  contract 
and that  conducted under I W A  GRANT IJGR-14-005-032 C'Inviscid 
and Viscid Interaction of Non-Isoenergetic Compressible 
Streams i n  Ejectors and Thrust A w n t a t i o n  Systems" ) benefited 
both effor ts  tremendously. 
information ,rrsrined on the structure of i n i t a l ly  disturbed mixing 
re@ons. 

O f  special importance is  the 

2.5 The analytical treatment of the return flow component (see 
section 1.5 above) has opened the way for d y i z i n g  axi- 
symmetric base f lmc problems. 
obtained by both long-hand calculations and by rather sophist- 
icated computer programs. Cases treated include simple con- 
fi,wations, l ike cylinders with approaching boundary layers 
(with and without sting support), as w e l l  as cases of considera3l: 
complexity such as Aerospike nozzles with base bleed Over large 
ranges of operating pressure ratios. 
been carried out i n  cooperation with Rocketdyne during the 
period of summer employment of HI HI Korst vith this campany- 
An abstract of a paper enti t led "A Unified Treatment for 
Axisymrnetric and Two-Dimensional Base Plarjs" by R. E. Marik a d  
H- H. Korst has been submitted for intended presentation a t  
the Fluid Dynamic Panel of AGARD on Separated Flows (Brussels 
Nay 19). (Release of the material has been obtained through 
the sponsoring government agency at Rocketdyne and [IWA, 
( d e r  NASA 8-19)] 

Quantitative results have been 

Much of t h i s  work has 

2.6 Analysis of cavity flow, i n  accelerated streams has been Carrie? 
out with the help of computer programs. 

2.7 A new Theoreticd. analysis of ejector systems producing altitude 
simulation for uncomentionsl nozzles has also been developed 
by H. H. Korst during h i s  s m r  employment with Rocketdyne 
and the results ( b >  .Jill be communicated as part  of our activ- 
i t i e s  under I J ? A  WTil EGR-14-005-032 especially i n  view of E 
supporting experimental program at the University of I l l inois '  
extended pressure range facil i ty.  ( 5 )  (see section B . 3 ) .  

3. Experimental Vork 

1. Experimentd studies i n  support of theoretical work on dynamics of 
separated flows- 

1.1 Experimental i soh t ion  of the reattaching 2low f i e ld  near the 
~ t s , q s t i c n  Eoi.23 of the d.iscri~nn.ttiny streamline is receiving 



continued e n t i o n s  especially in an effort to determine t he  
practical =ts w i t h i n  xhich the process cas be considered 
awLog to the "free separation" pheno~lrenon, 

!Zhese emerimeptal stuaies U c a t e d  that the base pressure vlll 
not be influenced by the modification ae the wall configuration 

(thereby inPluencing the Over all pressure rise), as long as 
these modifications tm? few (ome t c j  *) SIXES+ lager thickness 

stream or on both sides af the point of reatta&n~zrt). 
f'rcm the pixst of reattachment (either up3tream or down- 

These studies have been carr ied oat m&dy in the tmnson2c blow 
down facility, but also by observation of pertinent features 
on the water  table d o g u e .  
based on a si@lW€ed physical model emerging f'rou~ these S W P F C  

A theoretical effort w i l l  be 

1.4 Mrect force balance measurements M e  been carried out aul 
have so far yielded the following results:* 
1) flat plate wa31 sheas stresses show excellent agreement wft;h, 

data reported by atber ixvestigrators (transOnic regime a d  
supersonic rem near M = 2) 

ii) Systematic measuremnts of drag coefficients far separated 
fluw regions (V notches) revea~, the ability of the flow to 
such favorable low drag configurations by adfust;Illent of the 
points of s e m o n  arrd reattadhment. This phenomenon is 
eqected to be mst ~ n o u n c e d  in %he transonic regime 
where a form drag reduction can most effectively be achieved 
by such s d f  adJustmnts. 
shalluu, or deeper notches to perfom 611ch aajustments 
lead to interesting itdghts aod s u g a ~ e s t  =th& rm COYP 
trolling the transonic and hypersonic drag of such devices 
as closed i n t a h s  for air aqgen-ted propulsion systems. 

friction drag of comparible ma@;riit&s leads d i r e c t l y  to 
Etttempts to establish a theoretic& m x k l  mi.n.lm9zing the 
combined drag forces. 
AbmW to diSt;bguish between fonn drag am3 shew dsag is  an 
import& prerequisite for arriving at a 
ical interpretation of such W--aafUsting flows involving 
sepasation. 

The different &il l t ies  of 

=i) st;* of @uch self adjusting flows irrJ.olving farm drag ana 

theoret- 

* 
'Ilhesis propossl. entitled "On Drag Forces of TCro-Mmensional V ahaged 
Notclzes in Supersonic an3 Transonic Ccaupressible Flow" by R H. Hawell ,  
sobmitted to la€? fgad- C d t t e e  (2mlman, mpt. 09 *tho m, 
University af -is, Exre 1%~ 



l.5 Expemts w i t h  amities in accelerated flaw have s t c u t d l 0  

2. Experimental studies in 
mice of sepasgted fkrrs. 

of theoretical work on themoayna~ 

2.1 An antanstic contra l  system has been desigmd, constructed 
is being tested, which a;uawS to ma;lntain irdividual 
heating strips at constant temperature. 

2.2 d t h  hat, bleed air iato &ties in low velocity 
strean8 are being c m t M . *  

2.3 Best transfer studies in hi# velocity flows are to be ~CJhedUlea 
after the themdl Coartrol system in  the main blow down facility 
beccmes op-. 

3. BlaT down facilities operrrted j o i n t l y  by the Depwtmsnt of Mecti. 
anical aslld Industrial Engineering 
and mranautical lbgineering colm.nue to be e x p a n d d o  ladition 
of the vacuum system has extended the usef'ul pressure ratio ob the 
facilitg to 500, 86 established by eje& tests. 
purchase of a new iartenslve li@t source I)(: power unit has been 
a * o M  fraap ather main contract sources. A m irrterieraPaeter 
system (purchases dttl Amds fmm lpAsA l l G R - 1 ~ 2 )  is xmxxring 
c=metb- 

the Ikparbmnt of Aercarsatical 

Most recently, 

4s Work OIL the ~3ntfrruous low-aeneity mrvelocity fwillfy hss 
proceeded as follows: 

i )  ~ench t e s t s  co- w i t h  the plama torch bating unit 
repealed necessity for redesign of the tarcfr-mzG exte3- 
sion section to prevent le- of the cooUng system, 
mzzle &&pe WaB farmd to be Sgtisfactory arrd wall -7 
prwisions appeared to be adequate. -*s in the 
operations-control mechanism Wiu allso be @t in  the 
redesigned system, 

U) 2b.e Electric hook-= of the facility has been scheduled f.~* 
early mcmember. 

iii) The entire control system, designed by General Electric (30 
is  to be delivemd snd instaUed by the end of October, 1$S. 

CI Activities 
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2. w r  activities of staff  aembers. Ibe d e w  poUcg 
stresses the desirability of training its P d t y  by t h e i r  
participating in laxer scale research actrfvi tes o~~%sfde our 
CampuSo !Bl iSsSsUreS: 

contimrstian of analytical ami expxdment8l work as described in the 
main body C I f  this regart. 
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